INTRODUCTION

44
The causes of the spatial distribution of species' range sizes have been debated in biogeography 45 for at least 20 years (Brown et al., 1996; Gaston, 2003 Many hypotheses have been proposed to explain patterns of range sizes. Janzen (1967) suggested 55 that species living in regions with high temperature stability throughout the year (i.e., the tropics) are 56 tolerant to a narrower range of temperatures than species in highly seasonal regions. Stevens (1989) 57 adopted this idea to explain a positive latitude-range size pattern (which he described as Rapoport's rule; 58 Letcher & Harvey, 1994; McCain & Bracy Knight, 2013; Veter et al., 2013) .
59
Besides such intra-annual variability, long-time climatic oscillations were also proposed to 60 influence range sizes. Dynesius & Jansson (2000 and Jansson (2003) connected several biological 61 phenomena, including range size variation, with long-time climatic oscillations driven by changes in the 62 Earth's orbit. These have stronger effects towards the poles and therefore cause larger temperature 63 changes at higher latitudes. Dynesius & Jansson (2000) argued that areas of long-time climate stability 64 allow for the persistence of small-ranged species, while only large-ranged species (which often have high discussed this in the light of species' vulnerability when exposed to high future CCVs.
78
Other potentially influencing factors include elevation range, available land area, and long-or only have large ranges if there is sufficient land area available. Also, there is no ecological reason why 84 seasonality (or CCV) effects should be related to temperature variation but not to precipitation (which is a 85 relevant niche dimension for many species), or even more complex combinations of climatic variables.
86
Here we used the range size distributions of Old World sphingid moths, a family of herbivorous 87 insects, to test the above hypotheses in a competitive manner for their explanatory power. We were 88 especially interested in the recently published hypothesis of CCV effects (Sandel et al. 2011 today. This will help to elucidate the suggested mechanism, which is not based on the direction but on the 98 speed of climate change. Thus, we expect similar relationships of range size with CCV for both time periods. This also acknowledges that climate change since the LGM has not been linear (e.g., Thompson, 100 1998). Furthermore, we evaluated the placement of species' ranges within biomes (Olson et al., 2001) .
101
This will assist in assessing whether range size patterns are mainly due to large-scale habitat (i.e., 
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105
Sphingid moths and range size data 106 Sphingid moths are a family of large, mobile and, in some cases, extremely dispersive 107 Lepidoptera (Kitching & Cadiou, 2000 
132
The PMIP2 data has a lower resolution (2.5 degree), which misses more localized climatic effects 133 caused, e.g., by topography. To obtain data at the same resolution as for WorldClim data (2.5 arcmin), we 134 interpolated the raster. The same interpolation was applied to the PMIP2 current temperature data. We Mid-Holocene data are now also available at www.worldclim.org). sizes (i.e., 955 km) led to the best model fits and we used the resulting area calculations for further 168 analyses.
169
All further GIS manipulations and analyses were carried out in Mollweide World equal area 170 projection at 100 km grain size. Climate data, originally processed at 2.5 arcmin, were aggregated and 171 projected to this grid. Pleistocene ice extent (Ehlers et al., 2011) was coded as one (ice) and zero (no ice).
172
Elevation range was calculated from a digital elevation model (Stein et al., 2015) . Furthermore, we used a 173 broad classification of zoogeographic realms from Holt et al. (2013) .
174
We restricted the study region in various ways to reduce unwanted variability and bias. First, all 175 smaller islands were excluded to avoid effects of dispersal limitation of island endemics on range data (as 176 these will not contribute to our understanding of the general drivers of range size). Holocene to the present (CCV6). Likewise, temperature seasonality is distributed differently than 232 precipitation seasonality. Univariate models with median range sizes (Fig. 3 
304
The correlation with current seasonality, however, does not rule out the possibility that seasonality 305 patterns of past times shaped range sizes (as the seasonal pattern did not change much through time; e.g.,
306
WorldClim LGM seasonality vs. current seasonality, Pearson's r = 0.999). However, we find it intriguing 307 that range size effects of long-term climatic variability can be theoretically explained in an elegant manner niches and larger geographic ranges (Gaston, 2003) .
314
While the data in this study reject the CCV hypothesis in the tested timeframes, it may be argued 315 that these were not appropriate to the evolutionary history, migration ability, generation length or other 
329
This effect is strong and obvious on small, isolated islands, where many endemics are typically found.
330
However, after excluding these from our analyses we still recovered relatively strong land area effects on requirements, this is difficult to test in any objective manner.
338
Habitat rarity is also one (of several) potential explanations for the effects of elevation range.
339
Highlands have smaller areas than lowlands and, as there tends to be taxonomic turnover from lowland to gives small-ranged species a higher chance to survive (Burgess et al., 2007) . In line with this, in other taxa Western Europe compared to East Asia (Fig. 1) , a pattern also evident in data from Sandel et al. (2011) .
365
Pleistocene refuge areas, such as Iberia, Italy and the Balkans (Hewitt, 1999; Sommer & Nadachowski, 366 2006), had clearly lower CCV (Fig. 2) .
367
A surprising result was the apparent irrelevance of precipitation seasonality in explaining range All modelling was carried out on standardized data (sample size N = 7,108 pixels, grain size 100 km).
571
OLS model fit was R 2 adj = 0.571, SAR had a pseudo-R 2 = 0.691. 
